In system based seismic strengthening design, the redistribution of inner forces brought by the change of structural members can be considered, which is very important to guarantee the safety of a strengthened structure. Using SAP2000, the seismic behavior of a historic building was analyzed. After that, a system based seismic strengthening plan and a member based seismic strengthening plan were proposed. And the seismic behaviors of the building before and after strengthening were compared. The results show that the seismic behavior of the building can be improved with the system based seismic strengthening and the style and the feature of the building can be protected well.
Introduction
Because of the architectural styles, the structural systems, and the different functions, historic buildings are the important testimony of the history in a country (Fig.1) . In China, lots of historic buildings, which are widely distributed all over the country, are protected by the government. But some of historic buildings are located in seismic zone, and they are weak to resist earthquake action. So, it is significant to strengthen these buildings properly for the purpose of protection. The strengthening way, in which the weak structural members are strengthened separately according to the primary global structural analysis results and the redistribution of internal forces caused by the change of the stiffness of the strengthened structural member is usually not considered, is called the member based strengthening. Fig. 2 shows the redistribution of inner forces caused by the stiffness change of the middle column after strengthening in a single-storey two-span frame structure under horizontal load. The middle column in this frame might still not be safe because of the increase of the inner force caused by the strengthening of the column. Accordingly, the strengthening way, in which the redistribution of inner forces caused by the strengthening is thoroughly considered and the bearing capacities of un-strengthened structural members are checked according to the analysis results of the redistribution of inner forces, is called the system based strengthening. Besides, the change of structural system is also called the system based strengthening.
Figure 2: Redistribution of inner forces inside a single-story frame structure caused by the strengthening of the middle column
Earthquake brings catastrophic consequences to different kinds of buildings. The research results of historic buildings in different regions show that the earthquake fortification and details of seismic design were not considered when historic buildings were designed and built. In their long service life, longer than the design reference period of structures, the mechanical behaviors of the structures might deteriorate (Fig. 3) . Once earthquake happens, both the economic and the cultural loss caused by the damage of the historic buildings will be larger than that caused by the damage of ordinary existing buildings. Befroe strengthening
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Structural Analysis of Historic Constructions
In this study, the seismic behavior of a historic building was analyzed. After that, a system based seismic strengthening plan and a member based seismic strengthening plan were proposed, and the effectiveness of the system based seismic strengthening for historic building structures was verified through the comparison analysis.
Overview of the Building
Bund 18 (Fig. 4) , built in 1923, designed for bank office building initially, is one of the excellent historic buildings at the Bund of Shanghai. The building, with area of 10,450m 2 and high of 28.52m, contains one floor of basement and five floors up the ground. Currently the building was proposed to transform into a commercial building. Belonging to the second-class protective category classified by the Shanghai municipal government, the protect details and demands of modification works include the followings (Meng et al. 2007 ): first, the original appearance, structural system, plane layout ( Fig. 5 ) and special interior decoration can not be changed. Second, decoration and characteristic of the ceiling of the enter hall, grand hall and the lobby need to be protected. Finally, spatial pattern of stair well and special decorations should be protected. Obviously, protection is the first principle in the strengthening of this historic building. It means that new building function should be satisfied without too much direct strengthening. 
Computation Model
The building was constructed with100mm thickness cast-in-situ RC slabs, steel beams and columns. I-steel beams and columns were encased with concrete and bricks respectively. The contribution of the surrounded concrete is not taken into account during the calculation. The stiffness contribution but not the bearing capacity contribution of the surrounded bricks for steel columns is considered. It is assumed that steel columns would not buckle and the corrosion effect would be neglected due to the good protection of surrounded bricks. Steel beams are connected with steel columns only by steel angles, so the beam-column joints can be taken as hinged ones and the structure can be considered as a hinged frame for the analysis (Zhang et al. 2006) . From the test report (Tongji 2003), the ultimate strength of the steel is 287MPa, the yield strength is approximately 201MPa. Hinged spatial frame model for the building (Fig. 6 ) was established by using SAP2000, with which the seismic behavior of the structure can be analyzed. Under the guideline of the Chinese code, the seismic behavior of the building was calculated. The inner forces of the steel columns at the base floor are shown in Table 1 . From the table, it can be seen that the stresses inside the columns are smaller than the strength of the steel (215MPa), the requirements of the bearing capacity can be guaranteed. The drifts of the building were also calculated as shown in Table 2 . The value in the parenthesis is the calculated result not considering the contribution of the bricks. According to Chinese code for seismic design of buildings (GB50011-2001), the limit value of elastic angular drift between adjacent floors is 1/550. From the table, it can be concluded that whether the contribution of surrounded bricks was considered or not, the drifts are all bigger than the limit value. By comparison of the calculated results, it is feasible to reduce the drifts under earthquake by making full use of the surrounded bricks for the columns. If the infill masonry walls can work well under earthquake, the lateral rigidity of the structure can be further improved. 
Seismic Behavior of the Structure after Strengthening
Based on the results above, member based seismic strengthening design and system based seismic strengthening design were designed respectively. Details are shown in Table 3 . The typical strengthening design for the joints, struts, columns are shown in Fig. 7a , b, c. (Fig. 7a) Renovating hinged joints into rigid joints ( Fig. 7b ) Adding channel steel brace struts (Fig. 7c) 
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(a) Strengthening of the column (b) Strengthening of the joint (c) Steel brace struts Figure 7: Details of strengthening design
The drifts of the building strengthened by the member based seismic strengthening method and the system based seismic strengthening method are shown in Table 4 respectively. To improve the bearing capacity of columns, method of encasing structural members with RC, which is regarded as a typical member based seismic strengthening way, was chosen. Types of the existing steel columns in building are different, but the column size after strengthening with RC is 800×800mm. System based seismic strengthening method includes strengthening joint, adding brace, strengthening joint plus adding brace. The bearing capacity of each column in every strengthening design is satisfied. From the table, it can be seen that the drifts are still bigger than the limit value after the strengthening using RC encasing method. The drift value of the building can be reduced significantly by using the system based strengthening method renovating hinged joints into rigid joints or adding steel braces every floor in the dotted lines of Fig. 4 . The drift values are all smaller than the limit value if the building were strengthened both with strengthening joints and adding steel braces. Because the structural type should be protected and hinged joints are good to resist progressive collapse, strengthening method of adding braces should be chosen first. Table 5 shows the natural frequencies of the building. From the comparison, it can be seen that the natural frequencies of the building increase after strengthening, which can be inferred that the rigidity of the structure are improved dramatically. It is also shown that the system based seismic strengthening is an effective way to increase the stiffness of the structure. Based on the results above, comparison between the two kinds of strengthening methods is shown in Table 6 . From the table, the effectiveness of system based seismic strengthening can be verified. 
Conclusions
The system based seismic strengthening method is quite better than the member based seismic strengthening. Balance between protecting and strengthening should be taken into account by using comparison analysis method in the strengthening design for historic buildings.
